Objective: With the introduction of cross-sectional imaging methods the number of lesions per patient that can be evaluated is frequently large and most oncologists and study protocols use only one lesion or a few 'representative' lesions to evaluate chemotherapy response. Intra-patient response variability can therefore affect evaluation reproducibility. This study evaluates intra-individual variation in response to chemotherapy in patients with multiple lung metastases.
Introduction
Systemic chemotherapy is the main treatment modality in the management of patients with metastatic disease [1] . After chemotherapy, oncologists evaluate tumor response by observing tumor behavior, i.e. growth, reduction or stability in its dimensions [2, 3] . Nowadays, tumor response to therapy as determined by imaging methods is generally used to inform decisions regarding either maintenance or interruption of treatment. In the late 1970s the World Health Organization (WHO) introduced a standard assessment of tumor response, proposed by Miller et al. [2] and adopted internationally, defining objective responses of lesions measurable in two dimensions, such as pulmonary metastasis assessed by X-rays. This evaluation is performed by comparison of tumor area, the sum of all lesions' greater perpendicular diameter products, measured in a planar image. More recently a new set of guidelines has been introduced by the Response Evaluation Criteria in Solid Tumors (RECIST) group with the purpose of reviewing the former criteria and better standardizing response evaluation [3] . This model uses a unidimensional approach taking the sum of the longest diameters instead of the sum of the areas.
With the introduction of cross-sectional imaging methods, the number of measurable metastatic lesions detected in a single patient has increased dramatically, and most oncologists (as well as study protocols) recommend the use of one lesion or a few 'representative' lesions to evaluate response in individual patients with multiple lesions [4] . Metastatic nodules are not uniform and consist of a heterogeneous cell population with diverse biological behavior that could account for differences in chemotherapy response [5] . A wide range of growth patterns in pulmonary metastases of patients not previously submitted to treatment has been observed [6] . This variation in behavior, if observed in patients being evaluated for chemotherapy response, could influence the response perception. The selection of one or a few nodules, instead of including all identifiable nodules in the response evaluation, could lead to misevaluation and consequently to the continuity of ineffective treatment or the interruption of potentially effective therapy.
The present study used CT to quantify the variation in tumor response of pulmonary metastases of solid tumors of varied histology in individual consecutive patients that were submitted to CT studies in order to evaluate response to chemotherapy. We submitted each pulmonary nodule individually, as if it were a solitary metastasis, as well as all the nodules of the same patient combined, to both the WHO and the RECIST criteria and compared the response evaluations in each setting.
Patients and methods
We prospectively evaluated two consecutive chest CT scans of patients with the diagnosis of solid tumor and pulmonary metastases receiving systemic chemotherapy and being routinely evaluated for tumor response. Informed consent was obtained from all the patients. We included in this study 41 chemotherapy response evaluations in 33 patients (20 women and 13 men), with ages ranging from 14 to 81 years (median 46 years). In eight patients a second response evaluation was obtained. The types of primary cancer are listed in The slices obtained were contiguous with 7 mm thickness and a pitch of 1.5 or less. All nodules identified in each CT examination with clear margins were numbered and measured. The same radiologist took measurements with a caliper on hard copies. The two larger perpendicular diameters on the axial plane were measured in images printed in lung windows. We studied 566 pulmonary nodules. The number of nodules in an individual patient varied from 2 to 69 (median: 7; mean ± sd: 13.8 ± 15.0 nodules). The nodules' initial larger diameter ranged from 2 to 82 mm (median: 10; mean ± sd: 11.6 ± 8.5 mm).
In each set of CT scan examinations performed to assess tumor response to chemotherapy, WHO and RECIST criteria classified each nodule individually. For the patient's response evaluation a modified version of the WHO and RECIST criteria was used by considering the sum of measurements of all pulmonary nodules in each patient to better represent the total tumor volume change for each patient.
The bidimensional WHO criteria of tumor response categories are: (a) partial response when area reduction is 50% or more; (b) stable disease for a reduction of less than 50% or an increase less than 25%; and (c) disease progression for an increase of 25% or more. The unidimensional RECIST criteria of tumor response categories are: (a) partial response if linear larger dimension reduction is 30% or more; (b) stable disease for a reduction less than 30% or an increase less than 20%; and (c) disease progression for an increase of 20% or more. The disappearance of the lesion(s) is considered a complete response by both assessment criteria and both consider the presence of any new nodule as progression of disease, independent of the behavior of any other nodule.
The following parameters were determined: (a) individual nodule response rate evaluation; (b) response evaluation for each patient, as a whole, according to the WHO and the RECIST criteria; (c) intra-individual distribution of response for every patient's nodule; and (d) the proportion of nodules evaluated differently from the patient's response, taking the sum of all nodules into consideration. The nodules' response category distributions for different types of cancer, chemotherapy, and initial number of nodules were compared by Chisquare test. Differences were considered statistically significant for P < 0.05. The agreement between both response evaluation criteria was calculated by the Kappainterrater agreement index [7] . Figure 1 Intra-individual distribution of response evaluation of pulmonary metastases by World Health Organization criteria.
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Results
All nodules (n = 566) were evaluated. Half (n = 283) of the nodules showed a reduction in size considering only the larger measured diameter, while 126 (22%) remained unaltered comparing both CT scan studies and 157 (28%) increased in size. According to the WHO criteria, 113 (20%) had a complete response, 66 (12%) had a partial response, 258 (46%) were stable and 129 (23%) progressed. Using the RECIST criteria, 134 nodules were considered measurable as having a diameter twice the size of the slice thickness utilized (>14 mm). Of these, 22 (16%) nodules had a complete response, 17 (13%) a partial response, 67 (50%) were stable and 28 (21%) progressed. Classification was different by the two criteria in 13 (10%) of the 134 measurable nodules. The Kappa interrater agreement for both criteria evaluations was 0.85 (Table 2) . The intra-individual variation for metastases response evaluation was quite diverse by both criteria, with no relation to type of cancer, chemotherapy or number of nodules. By the WHO criteria: from the total of 41 response evaluations, all the patients' nodules had the same response classification in four; in 16 evaluations there were nodules in two distinct classifications; in 12 three different classifications; and in seven, nodules in the four possible categories (Fig. 1) .
By the RECIST criteria: measurable nodules were present in 33 of the 41 response evaluations; in seven there was only one nodule; in 11 all the patients' nodules had the same response classification; in 12 evaluations there were nodules in two distinct classifications; and in three evaluations there were nodules in three different classifications (Fig. 2) .
Eighteen patients presented 82 new nodules observed at the second CT scan, varying from 1 to 21 per patient (median 2, mean 4.8), in a proportion of the initial total 110 R Chojniak et al. number of nodules ranging from 5% to 525% (median 25%, mean 75%). By the RECIST criteria, in one of the 19 patient evaluations resulting in disease progression no new nodule was present and in 14 a new nodule was the sole criterion for disease progression classification (Table 4) . By the RECIST criteria, the proportion of measurable nodules classified differently from the patient evaluation, taking the sum of all measurable nodules into consideration, varied from 0% to 100% (median: 25%; mean ± sd: 30% ± 33%). In a patient with three lung metastases, two of them were evaluated as stable and one as complete response. The patient evaluation by comparison of the sum of diameters of the three nodules resulted in partial response. In 15 evaluations there were measurable lesions and there were no new nodules; when the measurable response was the only considered factor, the proportion of measurable nodules classified differently from the patient evaluation, taking the sum of all measurable nodules into consideration, varied from 0% to 100% (median: 33%; mean ± sd: 35% ± 35%).
Discussion
After chemotherapy, evaluation of tumor response is obtained by observing the progress of lesion size [1] . Difficulties arose when the number of lesions per patient that could be evaluated increased, mainly after the introduction of cross-sectional imaging methods [4] . The assessment of tumor response for every single lesion became time-consuming. Nowadays most radiologists and oncologists use only one lesion or a few 'representative' lesions to evaluate tumor response in patients presenting with multiple nodules [3] . Thus, it is important to know the intra-individual variability of response rate evaluation for different tumors in the same patient.
Clinically, the response rate of solid tumors has been calculated by taking the tumor diameters in observations separated by the treatment, and by determining tumor shrinkage, stability or growth. For many years the World Health Organization criteria for treatment response evaluation have been the criteria used by most oncologists and in most clinical trials [2] . More recently, several organizations involved in clinical research have reviewed these criteria on the basis of experience acquired since they were introduced and a new set of guidelines has been developed with a model by which response rates could be derived from unidimensional measurement lesions instead of the former bidimensional approach [3] . According to this model, the use of only one lesion dimension simplifies the task of evaluating tumor response and correlates well with the lesion's area, previously used. The RECIST group tested their criteria in several historical study protocols and obtained good correlation with the WHO criteria. More recently, studies have shown both good and poor correlation between the unidimensional and bidimensional response evaluations [8, 9] . In this present study a high correlation between the WHO and the RECIST criteria in the evaluation of individual nodules and patients was achieved. The advantage of using the RECIST criteria is the simplicity of taking only one measurement per lesion.
Nowadays, the best method of assessing tumor response in most clinical situations is CT scan, leading to detection of a larger number of lesions, with smaller diameters, and more precision on measuring when compared to other methods [10, 11] . Even though pulmonary metastases evaluated by CT scan should be one of the best scenarios in terms of measurement of lesions, since the low-density lung provides natural contrast for the dense pulmonary nodule, variability in the application of response criteria could compromise the reproducibility of results [12] . Major potential sources of response evaluation variation are imaging techniques, inter-observer variability, and the selection of target lesions [12, 13] . In order to minimize observer variation, this study applied helical CT scanning and had the lesions measured by the same radiologist to evaluate response of the multiple metastases in the same patient, as routinely done in the clinical setting and in study protocols [13] . The presence of a new nodule was the main factor for determining disease progression, and the proportion of these new nodules in some cases was as low as 5%. The systematic evaluation of all the patients' nodules is then necessary to guarantee the identification of a new nodule.
We observed a large variation in tumor response for lesions in the same patient-i.e. the individual nodules in the same patient have individual and unpredictable behavior and can be evaluated as independent lesions. By using the WHO and the RECIST criteria of tumor response to therapy we verified that there were nodules labeled as disease progression in patients classified as stable, and unaltered nodules in patients evaluated as having progressive disease. In our patient population the proportion of nodules in a patient with response evaluation different from that obtained taking the sum of all nodules together amounted to 35%.
The results confirmed our previous impression that the application of the WHO or the RECIST method to one or some nodules in a patient, as frequently utilized by protocols, could also be misleading. In the same patient, one could select a stable nodule, a nodule with growth or a nodule in regression, and this could result in a decision error regarding the treatment regimen. The use of the sum of the evaluation of all nodules together maximizes the reproducibility of response evaluations.
In this study we tried to reproduce what seem to be the usual conditions for tumor response evaluation in most protocols and institutions; some of these conditions are limitations for the best possible response evaluation accuracy, but are close to clinical practice standard conditions. There was no histological proof of the metastatic nature of the lung nodules, and some could have been infectious or inflammatory; in clinical practice, however, histological proof is rarely required and the presence of new pulmonary nodules and overall oncologic disease progression are the criteria adopted by the oncologist for a diagnosis of lung metastases. When this study was conducted our CT protocol for lung metastases evaluation was a slice thickness of 7 mm. Nowadays many institutions with faster and multiple detector CTs adopt 5 mm or less in the evaluation of lung metastases. However, the recommendation of the authors of the RECIST group criteria was followed in measuring lesions no smaller than twice the size of the slice thickness [3] . Hard copy measurements were taken, despite having been shown to be less reproducible than computer display methods, as computer measurement is not always available, especially to the oncologist.
In conclusion, there is a high correlation between the World Health Organization criteria and the RECIST group criteria. Intra-individual variation in tumor response of pulmonary metastases is elevated in some patients, and chemotherapy response evaluation utilizing only one or some of the patient's nodules could lead to inappropriate reproducibility in therapeutic response perception.
